L aparotomy with lavage or surgical incision and drainage through the rectal or vaginal walls were used as conventional surgical treatment methods for pelvic abscesses. During the last three decades, percutaneous imaging-guided pelvic abscess drainage has been reported as an effective alternative to surgical techniques. Thanks to advances in imaging modalities (ultrasonography [US] and computed tomography [CT]), drainage techniques (transrectal, transvaginal, and transgluteal approaches) and catheter technology, imaging-guided pelvic abscess drainage improved and gained worldwide acceptance (1-9).
RESULTS
Technical and clinical success rates were 100% and 93.9%, respectively. Procedure-related mortality or major complications were not observed. Minor complications such as catheter dislodgement, obstruction, or kinking were detected in 6.7% of the patients. Clinical failure was observed in 10 patients (6.1%). Fistulization was observed in 14 abscesses. Fistulization extended the duration of catheter use (P < 0.001) and decreased the clinical success rate (P < 0.001). The presence of postoperative malignant, complex-multilocular abscesses, and fungus infection in the cavity extended catheter duration (P < 0.001, P = 0.018, and P = 0.007, respectively), whereas the presence of sterile abscess and endocavitary catheterization reduced the catheter duration (P = 0.009 and P = 0.011, respectively).
CONCLUSION
Image-guided pelvic abscess drainage has high clinical success and low complication rates. The only factor affecting the clinical success rate is the presence of fistula. tion was collected from our institutional database. A total of 188 deep pelvic abscesses were drained in 166 consecutive patients; three patients were excluded as their longterm follow-up information was not available. Informed consent for the procedure was obtained from each patient. All patients were treated as inpatient. Long-term follow-up information was gathered from the institutional database or by talking to the patient or clinician of the patient. Follow-up information extended to at least one year in all patients to verify the clinical outcome after drainage. Institutional review board approval was obtained for this study.
Inclusion criteria
Criteria for drainage were as follows: i) fluid associated with pus and bad smell or positive culture; ii) fluid associated with clinical findings like fever, local pain, and positive microscopic results even if the culture was negative. Sterile fluid collections such as ascites, lymphocele, and hematoma were excluded from the analysis.
Procedures and follow-up
Any coagulopathy (INR>1.5, platelet count <50,000/mm 3 ) was appropriately corrected before the procedure by administration of platelet concentrates, fresh frozen plasma and/or vitamin K. All patients received prophylactic broad-spectrum intravenous antibiotics unless they were already having antibiotics. All procedures were performed by an interventional radiologist in an interventional suite or CT unit under intravenous sedation. All catheters were placed with Seldinger technique via transabdominal, transvaginal, transrectal, or transgluteal routes as previously described in the literature (3, 10, 17, 18) . According to Gram stain and culture results appropriate antibiotics were administered. The patient status, catheter, and drainage were inspected during daily rounds. To keep the catheter patent, daily catheter irrigation was performed with 5-10 mL of saline. Patients were evaluated in the interventional radiology unit for catheter-related complications and fistulous communications. US, CT, and abscessogram were used in order to evaluate the reduction of abscess cavity and any possible fistula formation. The catheter was withdrawn when clinical, laboratory, and radiologic improvements were observed and the amount of daily drainage was less than 10 mL/24 h.
Definitions, outcome measures and statistical analysis
Curative drainage was defined as complete resolution of abscess and no further intervention (10) (11) (12) . Partial success was defined as either adequate drainage of the abscess with surgery subsequently performed to repair an underlying problem or as temporizing drainage performed to stabilize the patient prior to surgery (12) . Clinical success covered both curative drainage and partial success. Failure was defined as the need for open surgical drainage before complete resolution of the pelvic abscess. Sepsis-related mortality or any recurrences were also considered as failure. Complications were classified as major or minor according to the Society of Interventional Radiology criteria (19) .
Statistical analysis
SPSS 22 package program for windows (IBM Corp.) was used for statistical analysis. The variables were investigated using visual (histograms, probability plots) and analytical methods (Kolmogorov-Smirnov) to determine whether they are normally distributed. Descriptive analyses were presented using tables of frequencies for the nominal variables, median and minimum-maximum values for the non-normally distributed numeric variables, means and standard deviation for the normally distributed numeric variables. Patients treated by simple aspiration and with partial success were not included in statistical analyses. In essence, the variables affecting the duration of catheter use, success and complication rates were evaluated. Statistically analyzed variables and their details were as follows: i) patient characteristics: age, gender, presence of single or multiple abscesses, presence of malignancy, underlying etiology (spontaneous or postoperative); ii) abscess characteristics: volume, structure (complex multilocular or simple unilocular), microbiologic content (nonmicrobial, unimicrobial polymicrobial, presence of yeast), presence of fistula; iii) procedure characteristics: guidance method (US or CT), access route (transabdominal, transvaginal, transrectal, transgluteal) and catheter size.
The univariate analyses to identify variables associated with duration of the catheter, success and complication rates were investigated as follows:
Since the measurement of the duration of catheter was not normally distributed, Mann-Whitney U and Kruskal-Wallis tests were conducted to compare this parameter with nominal variables of patient characteristics, abscess characteristics, and procedure characteristics. The Mann-Whitney U test was performed to test the significance of pairwise differences using Bonferroni correction to adjust for multiple comparisons. Student t test was conducted in order to compare age factor in different groups due to its normal distribution.
The chi-square test and Fisher's exact test (when chi-square test assumptions do not hold due to low expected cell counts) were used to compare the success and complication proportions in different groups.
While investigating the association between duration of catheter and abscess volume, the correlation coefficient and its significance were calculated using the Spearman test.
An overall %5 type 1 error level was used to infer statistical significance.
Results
A total of 185 pelvic abscesses were drained in 163 patients (55 male, 108 female; mean age, 49.1±16.5 years). Of the patients, 142 had one abscess, 20 patients had two abscesses and 1 patient had three abscesses. A total of 144 abscesses occurred in the postoperative period, whereas 41 abscesses in 38 patients occurred spontaneously. Seventy postoperative abscesses occurred due to gastrointestinal causes (colorectal cancer, n=37; appendectomy, n=8; viscus perforation, n=8; stomach or small intestine cancer, n=7; hepatobiliary, n=3; intestinal obstruction, n=2; morbid obesity, n=2; internal hernia, n=1; hydatic cyst, n=1; Crohn disease, n=1); 70 postoperative abscesses occurred due to genito-
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• Postoperative malignant, complex/multilocular abscesses and the presence of fistula or yeast in the cavity increase the mean duration of catheter use. urinary causes (cervix-ovarian-endometrium cancer, n=38; myoma, n=14; ovarian cyst, n=3; urinary cancer, n=3; sectio, n=2; pelvic relaxation, n=2; adenomyosis, n=2; dilatation and curettage, n=2; uterine rupture, n=1; transrectal US-guided biopsy, n=1; renal transplantation, n=1; ectopic pregnancy, n=1); 4 postoperative abscesses occurred due to pelvic bone tumor (Ewing sarcoma, n=2; giant cell tumor, n=2); and 41 abscesses occurred spontaneously (tubo-ovarian abscess related to pelvic inflammatory disease, n=12; periapendicular abscess, n=8; peridiverticular abscess, n=6; idiopathic, n=5; Crohn disease, n=2; endometriosis, n=2; acute pancreatitis, n=1; secondary to peritoneal dialysis, n=1; infected hydatid cyst, n=1; Fournier gangrene, n=1; traumatic, n=1; tuberculosis, n=1).
An underlying malignancy was present in 82 of 163 patients (50.3%). A total number of 36 comorbidities affecting the immune status of the patient was observed in 27 of 163 patients (16.6%). The observed comorbid conditions were diabetes mellitus (n=9), active tuberculosis (n=2), active Crohn disease (n=2), radiotherapy (n=2), chemotherapy (n=4), end-stage chronic renal failure (n=6), active Behcet disease (n=2), active HIV infection (n=1), Child's class C cirrhosis (n=3), steroid use (n=3), renal transplantation (n=1), and pancytopenia (n=1). Broad-spectrum antibiotics were already prescribed to 102 of 163 patients before the procedure.
Median abscess volume was 141.7 mL (9-780 mL). Of 185 abscesses, 100 had simple, unilocular structure, whereas 85 had complex, multilocular structure. According to culture results, 94 and 63 abscesses were unimicrobial and polymicrobial, respectively, while no agents were isolated from 28 abscesses. Yeast was isolated from 18 abscesses (9.7%). Fourteen abscesses had fistulous communication with colon (n=5), rectum (n=3), small intestine (n=2), vagina (n=2), ureter (n=1), or bladder (n=1). The median duration of catheter use for these 14 abscesses was 20 days (8-45 days). All abscesses with fistula to the genitourinary system (vagina, ureter, and bladder) were treated with clinical success. In two patients who had an abscess in communication with vagina, no secondary intervention was necessary. In one patient whose abscess was in communication with ureter, percutaneous nephrostomy and antegrade double pigtail ureteral stent were placed, drainage catheter in the cavity was removed and the abscess was cured. In one patient who had an abscess in communication with urine bladder, elective bladder repair was performed after the septic process was resolved by abscess drainage and this was accepted as partial success. Six abscesses that had fistulous communication with the gastrointestinal system were cured with prolonged catheter drainage and parenteral nutrition whereas the remaining four abscesses were accepted as failure.
In seven patients abscesses recurred following a successful drainage procedure. Six of them were treated with successful re-catheterization and one of them was treated with open surgical drainage. In one patient who underwent an operation due to periampullary tumor, ileum perforation occurred during the surgery. In this patient, pelvic abscess was detected and catheterized during the first week of the postprocedural period. The fistula to the small intestine at the perforation site was detected and the patient died due to uncontrolled sepsis 20 days after the percutaneous drainage. In one patient who underwent surgery due to ovarian cancer, the pelvic abscess was catheterized 10 days after the surgery. The patient died 15 days after the drainage procedure because of septic complications. In the other patient who underwent an operation due to the intestinal obstruction caused by a colonic tumor, the pelvic abscess was detected in the postoperative period and catheterization was performed. In this patient, fistulous communication with colon was observed and the patient was re-operated for fistula repair and open surgical abscess drainage was performed simultaneously. Patient, abscess and procedural characteristics of failed procedures are summarized in Table 1 .
The factors related to patient and procedure characteristics were found to have no effect on success rate. The only factor affecting the success of the procedure was the presence of fistula (P < 0.001). The procedural failure rate was 30.8% (n=4) for patients with fistulous communication, whereas it was 3.8% (n=6) for patients without any fistulas. Comparison of variables between successful and failed drainage procedures are summarized in Table 2 . Postoperative malignant and complex/ multilocular abscesses and abscesses with fistula or yeast required a longer duration of catheterization, whereas the presence of sterile abscesses or endocavitary catheterization reduced the duration significantly (Table 3) . Postoperative-malign abscesses required a median of 11.5 days (3-45 days) of catheterization whereas spontaneous and postoperative-benign abscesses required a median of 6 days (3-22 days) and 6 days (3-38 days) of catheterization, respectively (P < 0.001). Complex-multilocular abscesses required a median of 10 days (3-45 days) of catheterization whereas single-unilocular abscesses required a median of 7 days (3-40 days) of catheterization (P = 0.018). Abscesses with fistulous communication required a median of 20 days (8-45 days) of catheterization whereas the absence of fistulas reduced the duration to a median of 7 days (3-32 days) (P < 0.001). The presence of yeast in the abscess cavity required a median of 15 days (3-40 days) of catheterization whereas absence of yeast required a median of 7 days (3-45 days) of catheterization (P = 0.007). The sterile abscesses reduced the duration of catheterization to a median of 5.5 days (3-20 days) whereas unimicrobial and multimicrobial abscesses required a median of 7 days (3-45 days) and 11 days (3-40 days), respectively (P = 0.009). The endocavitary route reduced the duration of catheterization to a median of 6 days (3-40 days) whereas transabdominal and transgluteal catheterization required a median of 10 (3-45) and 8.5 days (4-45 days) (P = 0.003). There was no significant correlation between the abscess volume and duration of catheterization (P = 0.17; r=0.10). Drainage durations among different subgroups are summarized in Table 3 .
No major complication was observed in this study. When catheter-related minor complications were analyzed, patient-, abscess-, or procedure-related factors did not exhibit significant heterogeneity among the groups (Table 4) .
Mean follow-up period for 163 patients was 43.7 months (0.5-97.4 months). During the first 30 days of the procedure 6 patients died due to sepsis (n=2), multiorgan failure (n=1) and primary underlying disease (n=3). After the first 30 days, another 35 patients died due to their primary underlying diseases. For the remaining 123 patients mean follow-up period was 51.6 months (12-97 months).
Discussion
According to the results of this study, image guided pelvic abscess drainage has high clinical success (93.9%) and low rates of minor complications (6.7%). The only factor affecting clinical success was the presence of fistula. The success rate was 96.3% in abscesses having no communication with adjacent structures, whereas it was 69.2% in abscesses with fistulous communication. All abscesses with fistula to the genitourinary system were successfully treated, while 4 of 10 abscesses with fistula to the gastrointestinal system resulted in failure (40%). Our results confirm the results of other studies which had lower success rates with percutaneous drainage in the presence of enteric fistula (10, 11, 16, 20, 21) . The time necessary to heal the enteric tear extends the duration of catheter use (11, 20) . Parenteral nutrition and intravenous support are often essential in addition to catheter drainage (20) . In this study, 6 of 10 abscesses having communication with the gastrointestinal system were cured with prolonged catheter drainage and parenteral nutrition whereas 4 of them resulted in procedural failure.
Giangreco et al. (22) reported that the only significant variable related to unsuccessful outcome was abscess complexity, while advanced age, malnutrition, presence of cancer, and a high APACHE II score were significant predictors of mortality. Betsch et al. (15) showed that percutaneous drainage has good long-term results as long as abscesses are singular, small, and located in easily accessible regions in combination with low APACHE scores. Benoist et al. (23) showed that an abscess greater than 5 cm in diameter and absence of antibiotic therapy were significant predictors of percutaneous drainage failure. Mehendiratta et al. (14) found that antibiotic administration prior to the procedure resulted in a high cure rate. Additionally, they also noted that catheter drainage was associated with a significantly higher cure rate compared with needle aspiration. Golfieri et al. (24) performed a PubMed search of outcomes for percutaneous abdominal abscesses drainage, searching among papers published from 1981 to 2006 and reported that percutaneous drainage is a permanent curative treatment of simple abscesses in the absence of enteric communications or after the closure of existing fistulas. The success rate in abdominal abscess was high under favorable conditions such as lesions situated in the periphery of the abdomen, uncomplicated access routes through the abdominal wall, homogeneous fluid collections in undivided or communicating spaces, and etiology of postoperative complications without a primary intra-abdominal disease.
In the present study, the only factor affecting the success of the procedure was found to be the presence of fistula (P < 0.001).
Postoperative malignant and complex/multilocular abscesses and abscesses with fistula or yeast required a longer duration of catheterization, whereas the presence of sterile abscesses or endocavitary catheterization reduced the duration significantly. When catheter-related minor complications were analyzed, patient-, abscess-or procedure-related factors did not exhibit significant heterogeneity among groups. The preferred access route had an effect on duration of catheterization although it did not have a direct influence on clinical success and complication rates. Endocavitary catheterization reduced the duration significantly.
According to published reports, minor complications such as bacteremia, and catheter-related problems, occur in around 3% of cases (1, 10, 11, 21) . In the present study, minor complications such as accidental catheter removal, obstruction and kink were observed in 6.7% of abscesses. When minor complications were analyzed, catheter-related minor complication rates were found to be 3.9%, 8.3%, 10%, and 13.3% for transabdominal, transvaginal, transrectal and transgluteal access routes, respectively. We suggest that endocavitary approaches if convenient should be preferred due to lower rates of minor complication rates rather than transgluteal approach when transabdominal route is somehow not possible.
The overall mortality, major complication, minor complication and recurrence rates related with the infectious process or drainage procedure (1.3%, 0%, 6.7%, and 4.3%, respectively) in the present study were in accordance with previous reports in the literature (1, 10-13, 15, 24-28) .
Our study has some limitations. It is a retrospective study and the effects of patients' scores according to scoring systems such as APACHE to statistical results were not taken into consideration.
In conclusion, image-guided pelvic abscess drainage showed high clinical success and low complication rates. The only factor affecting the clinical success rate was the presence of fistula. Postoperative malignant and complex/multilocular abscesses and abscesses with fistula or yeast required a longer duration of catheterization. In addition, our results suggest that when the transabdominal route is limited, endocavitary routes should be preferred to transgluteal route due to shorter duration of catheterization.
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